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ABSTRACT
Objective: Streptococcus pyogenes is the cause of the classical childbed fever and can occur in both
sporadic and epidemic form. Once an outbreak is identified on a maternity ward it is not only
necessary to place the patients in strict isolation but also identify to the source of the infection. Fast
reliable typing methods can aid in infection control.
Methods: An outbreak of puerperal fever due to S. pyogenes was analyzed by random amplified
polymorphic DNA (RAPD)analysis.
Results: Identical fingerprint patterns were found in isolates of 3 patients, the throat and infected
finger of the delivering obstetrician, 2 of the physician’s family members, and from the cervix of a
woman who was examined by the physician 7 months after the outbreak. The outbreak was
stopped after antimicrobial treatment of the physician and his family members.
Conclusions: RAPD typing appeared to be a fast and reliable tool for epidemiological studies of S.
pyogenes and is probably more efficient in strain differentiation than classical M and T serotyping.
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treptococcus pyogenes [group A beta hemolytic
Streptococcus (GAS)] has been identified as the
cause of a number of infectious diseases, including
pharyngitis, scarlet fever, impetigo, erysipelas, pu-
erperal fever, septicemia, and toxic shock-like syn-
drome as well as the non-suppurative sequelae
rheumatic fever and acute glomerulonephritis. In
the last decade an increase in the number of severe
infections due to GAS has been noted. GAS is an
important pathogen causing outbreaks of infections
in newborns,e institutionalized elderly persons,3
and classically, puerperal woman.4-8 Puerperal in-
fections due to GAS were, before the availability
of penicillin, a common and lethal nosocomial
scourge. Despite a drastic decrease in the inci-
dence of these infections, epidemics are still regu-
larly described and most often related to a member
of the hospital staff. Epidemiological investigations
of these outbreaks have almost entirely focused on
the analysis of cell surface proteins for serotyping.
However, classical serological M typing for strain
classification is available only in a few reference
laboratories worldwide, while T typing offers lower
discriminatory power. Therefore, several alterna-
tive genotypic methods have been applied to dif-
ferentiate GAS isolates, such as multilocus enzyme
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electrophoresis,9 restriction fragment analysis of to-
tal DNA,1 ribotyping,1 and pulsed-field gel dec-
trophoresis. 1 Recently, random amplified poly-
morphic DNA (RAPD) analysis has been recom-
mended for the typing of GAS. lz Because this
technique is a simple and easy way to characterize
GAS isolates, we applied it to investigate an out-
break of puerperal fever due to GAS in our mater-
nity ward.
SUBJECTS AND METHODS
The outbreak involved 3 postpartum women as
well as their delivering obstetrician. All women had
a vaginal delivery. None of the infants developed
signs of infection or were colonized.
Case Reports
Patient
A 36-year-old woman, gravida I para 0, was admit-
ted to our hospital in the 40th week of gestation
because of pregnancy-induced hypertension. The
same day she had a vaginal delivery of a healthy
boy of 3,865 g. On the 3rd day postpartum the
uterus became enlarged and tender and the tem-
perature rose to 40C. Many gram-positive cocci
were noted in a Gram-stained smear of a cervical
swab. Despite immediate treatment with intrave-
nous amoxicillin, the patient became critically ill
with chills and hypotension and was admitted to
the intensive care unit for circulatory support. An-
timicrobial therapy was changed to cefuroxime,
gentamicin, and metronidazole. The latter two
drugs were discontinued when the cervical culture
grew GAS. Blood cultures remained negative. The
patient became afebrile after 2 days of treatment
and was discharged 8 days later in good clinical
condition.
Patient 2
A 26-year-old woman, gravida I para 0, was admit-
ted in the 37th week of pregnancy. The same day
she had a spontaneous delivery of a boy of 3,125 g.
The 1st day postpartum she became feverish
(38.1C) and the temperature rose to 40C on the
3rd day postpartum. There was uterine tenderness
on palpation but an ultrasound examination
showed that the cavum uteri was empty. A few
gram-positive cocci were observed in a Gram-
stained smear of the cervix. Treatment was started
empirically with cefuroxime, gentamicin, and met-
ronidazole. The latter two drugs were stopped
when the cultures of the cervix and urine grew
GAS the next day. Blood cultures remained nega-
tive. The patient was afebrile 3 days after the start
of antimicrobial treatment and was discharged in
good clinical condition 7 days postpartum.
Patient 3
A 30-year-old woman, gravida II para I, was admit-
ted in the 43rd week of pregnancy. Priming of the
cervix was performed with prostaglandins, after
which she went into labor and delivered a healthy
boy of 3,865 g. On the 2rid postpartum day she
developed fever (38C), lower abdominal pain, and
uterine tenderness on palpation. Ultrasound ex-
amination of the uterus revealed an empty cavum.
A predominance of gram-positive cocci was noted
in a Gram-stained smear of the cervix. Antimicro-
bial treatment was started with intravenous amoxi-
cillin, which was changed to cefuroxime because of
persistent fever. Cervix and urine cultures grew
GAS. Blood cultures remained negative. The pa-
tient became afebrile after 4 days of treatment and
was discharged day later with oral amoxicillin.
All 3 patients delivered their children in 3 con-
secutive days with the assistance of the same ob-
stetrician who was possibly the source of the out-
break. He appeared to have had a sore throat for 3
days and noticed an infection along the nail of his
middlefinger on the day of onset of the first puer-
peral fever. GAS was cultured from his pharynx
and the infected skin lesion of the finger as well as
from the throat of 2 asymptomatic children in his
family. The obstetrician as well as the culture-
positive members of his family were treated orally
with amoxicillin for 10 days. Repeated throat cul-
tures after the treatment period were negative.
Other sites were not cultured. Eleven months after
this outbreak of puerperal fever, GAS was isolated
from the cervix of another non-puerperal woman
with complaints of vaginal discharge. She was ex-
amined by the index case 7 months after the out-
break. Throat swabs were culture negative.
Bacterial Isolates
Identification of beta hemolytic colonies was done
with commercial latex-agglutination kits (Streptex,
Murex Diagnostics, Utrecht, The Netherlands).
Clinical isolates of S. pyogenes from 3 patients,
the physician and family contacts, and sporadic
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TABLE I. Summary of GAS isolates involved in the
outbreak and control isolates
Date of
sampling
(day/month/ RAPD
Lane Specimen year) T type type
2
3
4
5
6
7
8
9
0
2
3
4
5
6
7
8
9
20
Throat swab
Bronchial secretion
Throat swab
Pus, hand
Cervix swab
Pus, abdominal wound
Pus, head wound
Pus, leg wound
Throat swab
Blood
Urine, case 2
Throat, index case
Pus finger, index case
Cervix, case 3
Urine, case 3
Cervix, case
Cervix, case 2
Throat, contact
Throat, contact 2
Nose, contact 2
6-12-92
9-02-93
19-03-93
14-07-93
17-11-92
18-06-93
12- 1-93
23-1-93
27- 2-91
20-1-93
20- 2-9
21- 2-9
20- 2-9
20- 2-9
20- 2-9
19- 2-9
20- 2-9
27- 2-9
27- 2-9
27- 2-9
ND
ND
ND
ND
II
ND
ND
ND
ND
ND
II
III
IV
v
vI
vii
viii
IX
x
v
v
v
v
v
v
v
v
v
v
aND not determined.
clinical isolates from 9 patients presenting with
pharyngitis, infected wounds, pneumonia, and sep-
sis were used in the study (Table 1). One strain was
isolated from a vaginal swab of a patient with fluor
vaginalis 11 months after the outbreak had oc-
curred. The outbreak strains and strains from the
physician and his family members were T sero-
typed at the National Streptococcal Reference
Laboratory.
Molecular Epidemiology
Extraction of Bacterial DNA
All S. pyogenes isolates were grown in Todd-Hewitt
broth. Genomic DNA for RAPD was prepared as
follows: cultures were centrifuged and washed
twice in phosphate buffered saline, resuspended in
250 pl STET buffer [233 mM sucrose, 50 mM
Tris-HC1 (pH 8.0), 20 mM EDTA, 5% Triton X-
100]. Lysozyme was added to a final concentration
of 1.7 mg/ml. The suspension was incubated at
room temperature for 5 min, heated at 100C for
min, and put on ice for another 2 min. In succes-
sion, sodium dodecyl sulfate and proteinase K were
added to the solution to a final concentration of
0.3% and 0.5 mg/ml, respectively, which was then
incubated at 55C for 2 h. Following extraction
with phenol, 0.03 mg/ml RNase A was added and
the mixture was incubated at 37C for 20 min. The
solution was extracted successively with phenol/
chloroform/isoamylalcohol (25:24:1) and chloro-
form/isoamylalcohol (24:1). DNA was precipitated
overnight and resuspended in 100 pl of distilled
water. An aliquot was electrophoresed in a 1% aga-
rose gel containing 0.1 pg/ml ethidium bromide to
estimate the DNA yield and verify DNA integrity.
RAPD Analysis
Polymerase chain reaction (PCR) fingerprinting of
S. pyogenes DNA (50 ng) was performed in a 50 pl
reaction volume containing 75 mM Tris-HC1 (pH
9.0), 2.5 mM MgC1z, 20 mM (NH4)zSO4, 0.01%
Tween-20, 0.2 mM dNTPs each, 50 pmol of
primer 1283 (5’-GCGATCCCCA-3’), and 0.2 U
of Taq DNA polymerase (Thermoperfectplus
DNA polymerase, Integro, Zaandam, The Nether-
lands). A Perkin-Elmer 9600 thermocycler was
used for amplification. The cycling program run
was 4 cycles of 94C for 5 min, 36C for 5 min,
72C for 5 min, followed by 30 cycles of 94C for
min, 36C for min, 72C for 2 min, and a 10 min
incubation at 72C.3 Amplified DNA (5 pl) was
separated by electrophoresis in 1.5% agarose gels
and visualized by ethidium bromide staining (0.1
pg/ml). A molecular size marker (100 bp ladder;
Pharmacia, Uppsala, Sweden) was used for refer-
ence. Gels were photographed and banding pat-
terns were interpreted by visual inspection. PCR
fingerprinting was performed with 13 different
RAPD primers as described previously.4 Primer
1283 gave the highest resolution and was there-
fore used for the final analysis.
RESULTS
The presented cases were the only 3 patients with
puerperal fever at the maternity unit documented
to have GAS infection. The infection developed on
3 consecutive days. No other cases of puerperal
fever due to GAS had been identified in our hos-
pital in the last 10 years before this outbreak. It
became obvious that the obstetrician who cared for
all 3 patients was the source, once his finger be-
came infected. He did wear surgical gloves, but no
mask during the deliveries. The outbreak strains
and strains from the physician and his family were
all serotype T 11. Identical RAPD patterns were
found among the isolates of the patients, the throat
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Fig. I. RAPD typing patterns of S. pyogenes isolates involved in an outbreak of puerperal fever: contacts and index case
(lanes 1-20) and control isolates (lanes I-I (3). Lane numbers correspond with individual isolates as described in Table I.
M size marker (100 bp ladder).
and finger of the obstetrician, and the throat and
nose isolates of 2 of his children (Fig. 1). The 9
epidemiologically unrelated clinical isolates gener-
ated clearly different RAPD patterns (Fig. 1). One
culture from a vaginal swab 11 months after the
outbreak appeared to be identical to the outbreak
strains.
DISCUSSION
Major epidemics of puerperal infections with GAS
occurred until the beginning of this century but
were gradually controlled due to better hygienic
measures, especially handwashing and the avail-
ability of penicillin. In modern times, postpartum
infections with GAS are uncommon and most of
the puerperal infections are now caused by endog-
enous bacteria such as beta hemolytic streptococci
non-group A, anaerobes, coliforms, and genital my-
coplasmas, is Whenever one or more postpartum
patients develop fever due to GAS, the source
should be immediately sought. In most outbreaks,
the source appeared to be an asymptomatically
colonized health care worker or a mild case of in-
fection of the throat,s skin,s or anus. 7,16 Rarely the
source of infection is traced to environmental con-
tamination.4 Endogenous infection from nasal car-
riership results only in sporadic cases. Outbreak
investigations should include pharynx, nose, and
any abnormal skin cultures as well as anal and vagi-
nal swabs. The umbilicus of the infant can become
colonized and reinfect the mother. (’ The same
holds true for members of the household of a
health care worker who can retransmit the organ-
ism.
Earlier, a health care worker with a finger wound
due to GAS acted as a source of an outbreak,s Al-
though transmission through non-intact gloves
might be possible, it seems most likely that GAS in
the cases described herein was spread from the
physician’s sore throat and not from his infected
finger, which was covered by surgical gloves. The
infection of his finger became apparent after he
had delivered all patients and the first patient al-
ready had developed puerperal fever. No obvious
breaks in standard infection control practices were
identified.
If more than one wound isolate of GAS is cul-
tured, all isolates should be typed to identify com-
mon patterns. The value of typing has been
stressed by several authors and is again demon-
strated by the fact that the single isolate cultured
from the cervix of a woman 11 months after the
outbreak belonged to the same T serotype and
RAPD genotype as the outbreak isolates. The only
contact between this woman and the obstetrician
involved in the outbreak was an examination 7
months after the outbreak. Although it is not clear
whether there is a causal relationship, outbreaks
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associated with the same health care worker can be
separated as far as 14 months. 16 Unfortunately, it is
not known whether the physician was an anal car-
rier of GAS or remained an anal carrier after treat-
ment. Therefore, we also recommend anal sam-
pling in the investigation of an outbreak of GAS,
even when the source (throat and finger) seems so
obvious.
CONCLUSIONS
This outbreak demonstrates the ability of mildly
infected or colonized health care workers with GAS
to cause a rapid spread of puerperal fever. The
occurrence of a single case of GAS in a maternity
ward should immediately trigger a search for a
source and more possible cases. The usual typing
of T and M antigens for epidemiologic investiga-
tion of outbreaks can be hampered by the wide-
spread occurrence of a common serotype or non-
typeable isolates. We and others le have shown that
RAPD analysis does not have this drawback, and
we recommend it as a fast and simple tool for rou-
tine use in infection control.
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